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(54) Apparatus for processing permeable or semi-permeable webs 



(57) An air processing cylinder useful in drying, cur- 
ing, thermal bonding, cooling, and web transferring 
materials such as fabrics, papers, and the like. Air is 
exhausted put of the cylinder surface through a plurality 
of conduits (22) equipped with distribution means (32a, 
32b, 36) for profiling the flow of air. The drying cylinder 
further Includes a duct network on its outer shell (41) for 
exhausting air out of one axial area only or, alternatively, 
the drying cylinder may contain multiple duct networks 
for exhausting air out of several axial areas, each having 
its own flow characteristics: 
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Description 

[0001] This invention relates to an air processing 
apparatus for drying, curing, thermal bonding, cop ling, 
and web transferring permeable or semi-permeabie s 
webs such as fabrics, paper, or the like. 
[0002] Typical of such an apparatus is the honeycomb 
system described in U.S. Patent No. 4,542,596. In this 
system, a non-rotating structure within the roll provides 
multiple zones for web processing and a vacuum is io 
applied to a plurality of honeycomb grilled conduits so 
that the web can be dried uniformly and without the 
•blind spots' which characterize other devices. Unfortu- 
nately however, this patented system is flow limited due 
to the vacuum source and, also, it is limited because air .15 
flow through the conduits is not distributed evenly. More- 
over, the incorporation of multiple vacuum means within 
the roll so as to create different zones of air flow on the 
drying cylinder is difficult to achieve because of. the lim- 
ited space within the cylinder. 20 
[0003] The present invention is an improvement over 
this and other known devices because it allows multiple 
zones to be created within a cylinder without an internal 
non-rotating structure; moreover, it allows air to flow 
equally through the inlet and outlet holes of the conduits 2s 
so that a web can be dried evenly. 
[0004] As a result, the present invention makes it pos- 
sible to isolate and direct air flow into a greater number 
of separate zones on a single cylinder so that the proc- 
ess air of one zone cannot mix with the process air of 30 
another zone. 

[0005] This ability to selectively isolate and direct air 
flow into a multiplicity of zones is a feature not shared by 
the apparatus covered in U.S. Patent No. 4,542,596 so 
that now, for the first time, it is possible to obtain econo- 35 
mies in energy and other advantages such as isolating 
contaminants which, heretofore, were impossible to 
achieve. 

[0006] These advantages are obtained by incorporat- 
ing within each cylinder a stationary air distribution tube 40 
which distributes process air uniformly throughout the 
cylinder in an axial direction. 

[0007] This distribution tube is fixed within the cylinder 
but it is distinguishable from the non-rotating structure 
of U.S. Patent No. 4,542,596 because it revolves as the 45 
cylinder revolves and, therefore, is not stationary. 
[0008] The air which is impelled by the distribution 
tube within the cylinder ultimately escapes through the 
outer porous shell through a multiplicity of air zones, a 
feature which distinguishes this invention from those so 
devices which exhaust the process air from the drying 
roll in an axial manner. 

[0009] It Is an object of this invention to provide a 
novel roll for the through-air processing of permeable 
and semi-permeable webs. Typical applications include, 55 
for example, drying, cooling, and thermal bonding 
paper, fabrics, webs, and other sheet-like material. 
[0010] Another object is to provide a novel cylinder 



which because of its high open area lends itself to the 
tensioning of impermeable products. 
[001 1 ] The roll of this invention provides for exhaust- 
ing air put of one axial area only, or it may contain sev- 
eral axial areas, each having various air flow 
characteristics, and each of which may be exhausted 
simultaneously or preferentially, depending on the 
material which is to be treated. 
[001 2] Air is exhausted from the roll through the outer 
surface of the shell, a feature which makes it possible to 
enhance and control air flow by varying the shell length, 
something that is not possible with rolls that exhaust air 
through their axial ends only. 

[001 3] In the present invention; the object is to use the 
surface of the cylinder for both air supply and air 
exhaust. 

[0014] By comparison, known devices, specifically 
those which exhaust air from a cylinder's axial ends in 
high flow applications, reach air velocities that are so 
high as to make energy consumption excessive. 
[0015] The present invention overcomes this draw- 
back in energy consumption and achieves significant 
economies by neither limiting nor directing the air 
exhaust exclusively to the cylinder's roll ends. Instead, 
the exhaust air is impelled and directed through the 
shell of the cylinder, and the exhaust area can be 
expanded for any roll size merely by extending the width 
of the roll so as to keep exhaust velocities low and min- 
imize energy consumption! 

[0016] Since air is forced out of the cylinder surface, 
the area available for exhausting air is virtually unlimited 
and it can be increased by merely increasing the length 
of the cylinder. This exhaustability has significant proc- 
ess advantages over devices which employ cylinders 
whose exhaust area is confined to the cylinders axial 
ends. 

[0017] Accordingly, the structure of the present roll 
makes it useful in high-flow applications because the 
exhaust air flow area can be increased by simply 
extending the outside length of the shell to any desired 
degree. 

[0018] Structurally, the roll of this invention consists of 
an outer shell and, beneath the shell exterior, one or 
more channels equipped with distribution means for 
profiling the flow of air. The ends of the roll are capped. 
[0019] The shell may be comprised of any porous 
material. For example, when high-flow applications are 
needed, highly porous shells having a high open area in 
excess of 50% are desirable. 

[0020] Typical shells include, for example, honeycomb 
type shells or square grids fabricated from thin material 
as, for example, material measuring 0.2 to 4 mm in 
thickness. When a high-open-area type shell construc- 
tion is used, the shell is covered with a wire screen that 
bridges the grid and supports the product which is to be 
dried. 

[0021] Within each roll, beneath the outer surface of 
the shell, axial dividers extend radially and intersect an 
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inner cylinder to form channels. And within each chan- 
nel there is contained a perforated plate that serves as 
a distribution means for profiling the flow of air. Although 
the normal object of this plate is to uniformly distribute 
air flow in the axial direction, it can also be used to vary 
the flow profiles. 

[0022] These channels limit the air flow to the radial 
and axial directions only and, thus, make it possible to 
divide the roll into numerous circumferential zones 
which may be processed independently. 
[0023] Thus, for example, the roll can be divided into 
a high flow zone for web transfer onto the roll fol towed 
by a zone where hot air is supplied for drying and, also, 
a zone where there is no air flow so that the product can 
be easily transferred off the roll. 
[0024] This ability to divide the roll both circumferen- 
tially and axially makes It possible to achieve a checker- 
board of processing zones so that several operations 
can be independently achieved on the same roll. 
[0025] The following is a description of specific 
embodiments of invention reference being made to the 
accompanying drawings in which: 

Figure 1 is an elevational view with portions cut 
away to illustrate the elements of the drying cylin- 
der. 

Figure 2 is an elevational view of the drying cylinder 
for use in the air processing of a paper web or the 
like made up of a plurality of axially extended grilled 
segments. 

Figure 3 is an enlarged fragmentary elevational 
view of that section of the drying cylinder which is 
contained within the phantom lines shown in Figure 
2. 

Figure 4 is a sectional view taken along line 4-4 of 
Figure 2 with portions cut-away. 
Figure 5 is a sectional view taken along line 5-5 of 
Figure 2. 

Figure 6 is a perspective view of another embodi- 
ment of the drying cylinder which is shown within a 
housing equipped with an air intake duct and show- 
ing sections cut away to illustrate air flow. 
Figure 7 is a perspective view of an alternative 
design showing a drying cylinder equipped with a 
second air intake duct, also with portions cut away 
to illustrate air flow. 

[0026] The use of this apparatus in drying permeable 
and semi-permeable webs is best illustrated by Figure 1 
which shows a web 20 being fed onto the drying cylin- 
der of this invention by conventional guideroll means 
(not shown). 

[0027] The drying cylinder 12 (Figures 1 and 2) con- 
sists essentially of a cylindrical hub 14 mounted on an 
axle 19 which is rotatably mounted in a pair of bearings 
1 8. The cylinder 1 2 includes a plurality of axially extend- 
ing conduits 22 arranged together in cylindrical configu- 
ration. These conduits 22 are formed by a plurality of 



radial plates 24 (Figure 2) extending along the longitudi- 
nal axis of the drying cylinder 12. Plates 24 extend out- 
ward radially from hub 14 to the periphery of cylinder 
12. Each of the conduits 22 has their radial plates 24 
5 converging toward each other so as to form a generally 
inwardly tapered channel 15 where they intersect the 
cylindrical hub 14 (Figure 3). 

[0028] The conduits 22 are covered by a cylindrical 
shell 41 (Figure 3) comprised of a screen 44 and a cylin- 

10 drical underframe or support structure 46. This support 
structure 46 may be in the form of a perforated plate 
equipped with a reticulated pattern of holes which are 
shown as inlet ports 48a and outlet ports 48b in Figures 
1 and 4 or it may take the form of a honeycomb-type 

is shell or grid-type structure. In either case, the support 
structure 46 and radial plates 24 are fabricated from 
steel or other suitably rigid material and the screen 44 is 
steel wire mesh or an interwoven fabric. 
[0029] . The support structure 46 generally has an 

20 open surface area which is capable of accommodating 
a wide range of applications. Typical of these are oper- 
ations in which the open areas are in excess of 50%, in 
which case the inlet ports 48a and outlet ports 48b 
cover a combined area of more than one-half the total 

25 surface; however, this process is not limited to roils with 
large open areas only, and it is to be understood that 
smaller open areas as, for example, those of less than 
50%, are also within the scope of this invention. If the 
support structure 46 is a perforated plate, its radial 

30 thickness may be In the range of from about 0.2 to 4 
mm; however, if a honeycomb or grid-type structure is 
employed then their respective radial thicknesses will be 
appreciably greater and may be in the range of from 
about 25-200 mm. The support structure 46 is covered 

35 by a screen 44 that supports the web 20. The axially ^ 
extending conduits 22 are sealed at their ends by circu- 
lar end portions 34 as shown in Figures 4 and 5 or each 
respective end may be sealed individually. 
[0030] A vertically disposed divider air dam 36, which 

40 Is parallel to the end portions 34, extends partially 
through the drying cylinder 1 2 and divides each conduit 
22 longitudinally into a front chamber 50 having inlet 
ports 48a and a rear chamber 52 having outlet ports 
48b. The air dam 26 extends circumferentially around 

45 the drying cylinder 12 as shown In Figure 5. 

[0031] An inner cylindrical axial air distributor 26, con- 
structed and arranged to be concentric with the longitu- 
dinal axis of the cylindrical hub 14, divides each of the 
conduits radially into an outer chamber 28 and inner 

so chamber 30 (Figures 2 and 3). The inner cylindrical 
axial air distributor 26 is perforated with flow port means 
in the form of apertures 32a and 32b (Figure 4) which 
provide for air flow between said inner chamber 30 and 
outer chamber 28. As seen in Figures 1 and 4, the aper- 

55 tures become progressively smaller as they near the air 
dam 36 and larger as they approach the end portions 
34. This has the effect of evenly distributing air flow; 
however, other means of evenly distributing air flow as, 
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for example, by the use of a longitudinally extended 
graduated slot may also be employed. Moreover, It 
should be noted that the apertures in the air distributor 
may be sized to any desired dimension so as to achieve 
any desired air flow profile or, alternatively, the position 
of the radial plates 24 may be varied to obtain the 
desired flow profile. 
M [0032] The exterior of drying cylinder 12 is partially 
fl enclosed by a housing 38. A pair of axial seals 40 
H extend along the longitudinal axis of the cylindrical hub 
If H and seal the drying cylinder 12 against the housing 
J§ 38 as shown in Figure 2. The seals 40 extend axially 
$P across the width of the conduit 22 so as to eliminate any 
f§ gap between the seal and the radial plate and thus 
|§ avoid or minimize air leakage. Thus, the web 20 can be 
H removed at the sector S where the web 20 is not 
ft encbsed by the housing 38 since there is no air flow in 
0 that zone. 

[0033] The housing 38 includes a front intake duct 54 
(Figure 6), arranged to supply air to the inlet ports 48a, 
and a rear exhaust duct 56. A circumferential air seal 53 
(Figures 1 and 5) is positioned between the intake and 
exhaust ducts to prevent air leakage therebetween. In 
embodiments where a plurality of intake and/or exhaust 
ducts are used (discussed below), it should be under- 
stood that seals would be disposed between these 
intake/exhaust ducts as well. A second circumferential 
air seal 55 (Figure 4) is secured to the outboard edge of 
the housing 38 to prevent leakage of air from housing 
38. Still another seal 55 is fitted onto the outboard edge 
of the exhaust duct 56 to avoid having outside air leak 
into the system. 

[0034] The air flow illustrated by the arrows in Figures 
1 , 2, 3, 6, and 7 is produced by a vacuum source (42, 
42a, and 42b) located at the exhaust opening 61 (Fig- 
. ures 1 and 6), which draws air into the inlet ports 48a 
and through the apertures 32a of the air distributor 26. 
The air then flows longitudinally through the conduits 22 
under the air dam 36 to the rear chamber 52 (Figure 4). 
The air is then drawn through the apertures 32a of the 
air distributor 26 and expelled through the outlet ports 
48b to the exhaust duct 56; however, it should be noted 
that other means for channeling air through the conduit 
as, for example, by the use of blower means may also 
be employed. 

[0035] According to another embodiment as shown in 
Figure 7, the drying cylinder includes two areas or 
zones of desired air flow. In this embodiment, an upper 
intake and exhaust duct network 60 combines with vac- 
uum source 42a to form a first zone 66 and a lower 
intake and exhaust duct network 62 combines with vac- 
uum source 42b to form a second zone 68. If desired, 
the lower intake duct can be removed as shown in Fig- 
ure 6, or multiple intake and exhaust duct networks for 
multiple zones can be employed. 
[0036] Because air is exhausted out of the outer diam- 
eter of the shell, this system is not flow limited and, in 
fact, air flow can be enhanced and controlled by extend- 



ing the width of the shell. This is a significant advantage 
over rolls that exhaust air out the axial ends only. 
[0037] In summary, this drying cylinder is comprised 
of plates that penetrate radially into the cylinder and 

5 form conduits which intersect an inner cylindrical hub 
14. The conduits are further divided axially to create 
within the cylinder multiple zones which produce vari- 
ous air flow characteristics on the outer surface of the 
drying cylinder. Further, the inlet and outlet holes of the 

w air distributor 26 are sized to permit the air to flow evenly 
or create a desired profile. Although a honeycomb type 
shell may be used, it is not essential and other types of 
shells may also be employed. 

15 Claims 

1. A multi-zone drying cylinder roll for the through-air 
processing of permeable and semi-permeable 
webs which comprises: 

20 

a plurality of conduits having channels extend- 
ing radially and longitudinally within said drying 
cylinder; 

means for drawing air through said conduits; 
25 said conduits having inlet port means for dis- 

tributing air flow into longitudinal chambers 
within each conduit; 

said conduits having outlet port means for dis- 
tributing air flow out of said longitudinal cham- 
30 bers; and 

means for dividing said conduits between the 
outlet port means and the inlet port means. 

2. The drying cylinder of Claim 1 wherein said means 
35 for dividing said conduits is a vertically disposed air 

dam. 

3. The drying cylinder of Claim 2 wherein said con- 
duits are enclosed within an outer shell and said 

40 inlet port means and outlet port means consist 
essentially of perforations within said outer shell. 

4. The drying cylinder of Claim 3 wherein said perfora- 
tions consist essentially of a plurality of apertures 

45 for distributing process air uniformly throughout the 
cylinder. 

5. The drying cylinder of Claim 4 wherein said aper- 
tures are successively smaller as they approach 

so said air dam. 

6. The drying cylinder of Claim 4 in which there is dis- 
posed within said outer shell an air distribution 
means in the form of an inner cylinder which divides 

55 each conduit into an inner chamber and an outer 
chamber, said inner cylinder having flow port 
means which communicate with said inner and 
outer chambers so as to distribute air flow therebe- 
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{H 7. The drying cylinder of Claim 2 enclosed within a 
housing, said housing comprising an intake duct for 
allowing air to How to a first drying surface area of 
the drying cylinder and an exhaust duct for allowing 
air to be expelled out of a second drying surface 
area of the drying cylinder. 



The drying cylinder of Claim 7 including a pair of 
seals extending longitudinally along the drying cyl- 
inder for preventing air flow into and out of a sector 
of said drying cylinder to provide a region for the 
installation and removal of said web. 

9. The drying cylinder of Claim 3 wherein said outer 
shell consists essentially of a support structure cov- 
ered by a screen. 

10. The drying cylinder of Claim 7 including a second 
Intake duct for allowing air to flow to a fourth drying 
surface area of the drying cylinder and a second 
exhaust duct for allowing air to be expelled out of a 
fourth drying surface of the drying cylinder. 

11. The drying cylinder of Claim 7 including a first, sec- 
ond, and third seal, said first seal being disposed 
between said intake and exhaust ducts and extend- 
ing circumferentiaily around said drying cylinder 
such that air is restricted from passing directly from 
said intake duct to said exhaust duct, said second 
and third seals being disposed circumferential ly 
around either end of said drying cylinder contigu- 
ous to said intake and exhaust ducts respectively 
such that air is restricted from passing between 
said ends of drying cylinder and said ducts. 
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14. The drying cylinder of Claim 13 wherein air is 
impelled through the shell of said drying cylinder 
and the exhaust area is expanded by extending the 
width of the roll. 

15. The drying cylinder of Claim 13 wherein the availa- 
ble area for exhausting air is increased by increas- 
ing the length of the cylinder. 



M 12. 



The drying cylinder of Claim 10 including a first, 
second, third, and fourth seal, said first seal being 
disposed between said first mentioned intake and 40 
exhaust ducts and extending circumferentiaily 
around said drying cylinder such that air is 
restricted from passing directly from said first men- 
tioned intake duct to said first mentioned exhaust 
duct, said fourth seal being disposed between said 45 
second mentioned intake and exhaust duct and 
extending circumferentiaily around said drying cyl- 
inder such that air is restricted from passing directly 
from said mentioned intake duct to said second 
mentioned exhaust duct, said second and third so 
seals being disposed circumferentiaily around 
either end of said drying cylinder contiguous to said 
intake and exhaust ducts respectively such that air 
is restricted from passing between said ends of said 
drying cylinder and said ducts. ss 



13. The drying cylinder of Claim 3 wherein air is 
exhausted through said outer shell and air flow is 
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(54) Apparatus for processing permeable or semi-permeable webs 

(57) An air processing cylinder useful in drying, cur- 
ing, thermal bonding, cooling, and web transferring 
materials such as fabrics, papers, and the like. Air is /^VG / 

exhausted out of the cylinder surface through a plurality ^ 1 

of conduits (22) equipped with distribution means (32a, 
32b, 36) for profiling the flow of air. The drying cylinder 
further includes a duct network on its outer shell (41 ) for 
exhausting air out of one axial area only or, alternatively, 
the drying cylinder may contain multiple duct networks 
for exhausting air out of several axial areas, each having 
its own flow characteristics. 
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